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Variability	  &	  scaling	  –	  a	  quick	  overview	  

Downscaling: 
Statistical/deterministic 

Statistical downscaling (ad hoc); 
e.g., quantile mapping, 
parametric regression 

Upscaling: 
Area averaging, interpolation 

Upscaling: 
interpolation 

Big grid 

Little grid 

Point data 

•  Global Historical Climatology 
Network overview 

•  Probabilistic variability & 
moments 

I’ll focus more on: 
•  Quantifying variability at point 

scale in space & relating it to 
larger scales 

I’ll focus less on: 
•  The implications for studying 

risk (i.e., actual probabilities) 
& weather with climate 
change / decadal variability  



Global	  Historical	  Climatology	  Network	  –	  Daily	  (GHCND)	  

• 	  90,000+	  weather	  sta$ons	  globally,	  mostly	  precipita$on	  records	  
• 	  We	  study	  about	  8,000	  temperature	  anomaly	  records	  which	  pass	  QC	  
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Gaussian	  Moment	  Sta$s$cs	  
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	  	  	  	  Key	  Points	  

Moment	  pa/erns	  are	  smooth	  at	  synop2c	  scale	  
•  Anomaly	  distribu2ons	  are	  regionally	  iden2cally	  distributed,	  

i.e.,	  equal	  rela2ve	  exceedance	  probabili2es	  
(Tmin,	  Tmax,	  Tavg	  all	  seasons)	  



Spa$al	  Scale	  Dependence:	  
	  The	  Case	  of	  Local	  Area	  Averages	  (i.e.,	  spa$al	  interpola$on)	  
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Moment	  Equa$ons	  for	  Weighted	  Sums	  of	  (zero	  mean)	  Random	  
Variables	  
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Variance:	  

3rd	  Moment:	  

4th	  Moment:	  
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Moment	  Climatologies	  for	  Interpolated	  Data,	  Tmax	  JJA	  

●

●
●

●

●●
●●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

● ●

●
●

●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●
●●●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●●●●●●
●

●●

●

●●

●
●●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●●
●
●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●

●●●

●

●● ●●● ●● ●●●●● ●●●● ●● ●●●●

●
●●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●● ●●
●

●

●
●●●

●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●●

●●●●
●

●●●●●

●
●●

●

●●●
●●
●●

●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●

●

●

●●
●●

●

●

●●

●●●●
●
●●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●●●● ●● ●●●●●●● ●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ● ●● ●● ● ●● ● ●

●● ● ● ● ●● ● ●
● ● ●● ●● ● ●●●● ●● ●● ●● ● ●● ● ● ●● ●

● ● ●●●● ● ●● ●●● ● ● ●● ● ●● ● ● ●●● ● ●●
●●● ● ●●●●●●●●●●●●●●●●●●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●●● ●●●●●●●●●●● ●●●●●●●●

● ● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●●●●●●●●●

●
● ●

●
●

●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●●
●

●
●●
●
●

●
●

●●
●●●

●●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●
●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●
●●●
●
●●●
●●
●●●
●●
●
●●●●●
●

● ●●●●●●●●●
●●●●●
●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●●
●●
●

●●●●●●
●●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●● ●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●● ●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●
●●●●●●●●●●

●
●●●●

●●●●●●●●●●●
●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●
●●●●●●
●●●

●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●
●
●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●●
●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●
●

● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
● ●
●

●

●

●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●
●●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

3 4 5

°C

Tmax GHCND Clim.. Std., 1961−1990 JJA

●

●
●

●

●●
●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●●
●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●● ●●●
●

●●

●●

●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●
●
●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●●●

●

●● ●●●● ●●●●● ●●●● ●● ●●●●

●
●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●●
●
●

●
●●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●

●●●●
●

●●●●●

● ●

●●●
●●
●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●●
●●

●
●●●●
●
●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●● ● ●● ●●●●●●●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ●● ●● ● ●● ● ●

●● ● ● ●● ●
● ● ●● ● ● ●●●● ●● ●●● ● ●● ● ● ●● ●

● ● ●●● ● ●● ●●● ● ● ●● ● ●● ● ●●● ●●
●●● ● ●●●●●●●●●●●●●●● ●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●● ●●●●●●●●●●● ●●●●●●●●

● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●● ●●●●●●

●
● ●

●
●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●
●

●
●●
●
●

●
●

●●
●●●
●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●●●
●
●●●
●●
●●●
●●
●●
●●●
●

● ●●●●●●●●●
●●●●●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●
●●
●

●●●●●
●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●

●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●●●●●●

●●●
●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●●
●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
● ●
●

●●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●

●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

−1 0 1

∆°C

Tmax Gridded − GHCND, Std. JJA

●

●
●

●

●●
●●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

● ●

●
●

●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●
●●●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●●●●●●
●

●●

●

●●

●
●●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●●
●
●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●

●●●

●

●● ●●● ●● ●●●●● ●●●● ●● ●●●●

●
●●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●● ●●
●

●

●
●●●

●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●●

●●●●
●

●●●●●

●
●●

●

●●●
●●
●●

●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●

●

●

●●
●●

●

●

●●

●●●●
●
●●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●●●● ●● ●●●●●●● ●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ● ●● ●● ● ●● ● ●

●● ● ● ● ●● ● ●
● ● ●● ●● ● ●●●● ●● ●● ●● ● ●● ● ● ●● ●

● ● ●●●● ● ●● ●●● ● ● ●● ● ●● ● ● ●●● ● ●●
●●● ● ●●●●●●●●●●●●●●●●●●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●●● ●●●●●●●●●●● ●●●●●●●●

● ● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●●●●●●●●●

●
● ●

●
●

●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●●
●

●
●●
●
●

●
●

●●
●●●

●●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●
●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●
●●●
●
●●●
●●
●●●
●●
●
●●●●●
●

● ●●●●●●●●●
●●●●●
●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●●
●●
●

●●●●●●
●●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●● ●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●● ●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●
●●●●●●●●●●

●
●●●●

●●●●●●●●●●●
●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●
●●●●●●
●●●

●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●
●
●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●●
●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●
●

● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
● ●
●

●

●

●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●
●●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

−0.8 −0.4 0.0 0.4 0.8

Skew

Tmax GHCND Clim.. Skewness, 1961−1990 JJA

●

●
●

●

●●
●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●●
●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●● ●●●
●

●●

●●

●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●
●
●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●●●

●

●● ●●●● ●●●●● ●●●● ●● ●●●●

●
●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●●
●
●

●
●●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●

●●●●
●

●●●●●

● ●

●●●
●●
●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●●
●●

●
●●●●
●
●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●● ● ●● ●●●●●●●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ●● ●● ● ●● ● ●

●● ● ● ●● ●
● ● ●● ● ● ●●●● ●● ●●● ● ●● ● ● ●● ●

● ● ●●● ● ●● ●●● ● ● ●● ● ●● ● ●●● ●●
●●● ● ●●●●●●●●●●●●●●● ●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●● ●●●●●●●●●●● ●●●●●●●●

● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●● ●●●●●●

●
● ●

●
●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●
●

●
●●
●
●

●
●

●●
●●●
●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●●●
●
●●●
●●
●●●
●●
●●
●●●
●

● ●●●●●●●●●
●●●●●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●
●●
●

●●●●●
●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●

●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●●●●●●

●●●
●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●●
●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
● ●
●

●●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●

●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

−0.2 0.0 0.2

∆Skew

Tmax Gridded − GHCND, Skewness JJA

●

●
●

●

●●
●●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

● ●

●
●

●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●
●●●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●●●●●●
●

●●

●

●●

●
●●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●●
●
●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●

●●●

●

●● ●●● ●● ●●●●● ●●●● ●● ●●●●

●
●●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●● ●●
●

●

●
●●●

●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●●

●●●●
●

●●●●●

●
●●

●

●●●
●●
●●

●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●

●

●

●●
●●

●

●

●●

●●●●
●
●●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●●●● ●● ●●●●●●● ●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ● ●● ●● ● ●● ● ●

●● ● ● ● ●● ● ●
● ● ●● ●● ● ●●●● ●● ●● ●● ● ●● ● ● ●● ●

● ● ●●●● ● ●● ●●● ● ● ●● ● ●● ● ● ●●● ● ●●
●●● ● ●●●●●●●●●●●●●●●●●●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●●● ●●●●●●●●●●● ●●●●●●●●

● ● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●●●●●●●●●

●
● ●

●
●

●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●●
●

●
●●
●
●

●
●

●●
●●●

●●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●
●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●
●●●
●
●●●
●●
●●●
●●
●
●●●●●
●

● ●●●●●●●●●
●●●●●
●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●●
●●
●

●●●●●●
●●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●● ●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●● ●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●
●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●
●●●●●●●●●●

●
●●●●

●●●●●●●●●●●
●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●
●●●●●●
●●●

●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●
●
●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●
●●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●
●

● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
●

●
●

●

●

●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●
●●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

Kurt

Tmax GHCND Clim.. Kurtosis, 1961−1990 JJA

●

●
●

●

●●
●

● ●●●●

●
●●
● ●

● ●●●●● ●
● ●●

● ●
●

●

●

●

●
●●●●

●●●●●●
●

●●
●●●●●●●●●●●●● ●
●●●●●●●●●●

●●●
●●
●●

● ●

●
●

●

●●●
●
●●●●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●
●
●
●●

●● ●
●
●

●●●●
●●●
●●●●
●
●●●●●●●●

●●●●
●

●
●●
●●●●●●

●●●
●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●

●●●●●

●

●
●
●
●

●

●●●●●● ●●●●●●●●
●●●●●●

●●●●●●●●●●●
● ●●●●●
●●

●●●
● ●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●

●●
● ●●

●

●●

●

●●
●●●●

●

● ●●
●

● ●●

●

● ●

●

●
●●●●●●
●●●●●●●●●●●●●

●
●●●●●●●●

●●
●
●

●
●

●●●●●●●●●
●●●●●●
●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●

● ●●●
●●●●●●●● ●●●

●●●●
●●
●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●

●●
●

●●●●● ●●●●
●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●
●●●●●●
● ●
●●

●
●

●
●

●●●●●●●●
●●●●●●●●●

●●●●

●

●●●●●
●●●● ●●●●●●
●●●●●●

●●●
●●●●● ●●
●●

●●
●

●

●

●●
●●●
●
●●

●●●●●

●●
●●●●●

●● ●●●
●

●●

●●

●

●● ●●●
●●●●●●

●●
●
●● ●

●●●
●●●● ●●

●
●●

●●

●

●●
●●●●

●
●●●●●
●●

●●
●●

●●●●●●●● ●● ●●●●●●●●
●●
●
●●●
●
●●

●
●
●●
●

●●
● ●
●
●

●●●●●●
●

●●●●
●●●●
●

●●●
●●●●

●●

●

●●

●●
● ●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●
●
●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●

●
●●●
●●

●

●

●●●

●

●● ●●●● ●●●●● ●●●● ●● ●●●●

●
●● ●●

●●● ● ●●● ●

●●●●●●●●●●●

●●●●
●

●● ●● ●●
●
●

●
●●●

●

●●

●●
●
●●
●●

●●●

●
●●●
●●
●●

●●
●●

●
●
●
●●
●●●●●

●●
●●

●●●
●●

●
●●●●

●
●
●
●
●
●

●●●●●●
●●

●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●
●●●●●●
●
●●●
●● ●●●●●●

●●●●●
●●
●
●●●

●
●●●

●●●●

●●●●●

●●●●
●

●●●●●

● ●

●●●
●●
●●

●●●●●●●

●

●
●●
●●●

●
● ●

●

●●

●
●●

●● ●

●
●●

●●●●●
●

●

●

●●
●●

●●●
●

●
●●

●

●
●

●

●●

●

●

●

●●
●●

●
●●●●
●
●●

●●
●● ●●● ●●●

●
●●●

●
●●

●●
●

●
●●●●●●●●●●●●●●●

●

● ● ●
● ●

● ●● ●● ●

●● ● ●● ●● ● ● ● ●● ●●● ●●● ●●●● ●● ● ●● ●●●●● ●● ● ●●● ● ●● ●●●●●●●●● ● ●

● ● ● ●● ●● ● ● ● ● ●● ●● ● ● ●● ●● ● ●●● ● ● ●● ●● ●● ● ● ●● ● ● ●● ●● ● ●● ● ●

●● ● ● ●● ●
● ● ●● ● ● ●●●● ●● ●●● ● ●● ● ● ●● ●

● ● ●●● ● ●● ●●● ● ● ●● ● ●● ● ●●● ●●
●●● ● ●●●●●●●●●●●●●●● ●●●● ●●●●

●●●●●● ● ●●●●●●●●●●●●● ●● ● ●●●●●●●●●●●●●●● ●

● ● ●●●● ● ●● ●●●●●●● ●● ● ●●●● ● ●● ●●●● ●● ●●●● ●●

●● ● ● ●●●●● ● ●●●● ● ●● ●● ● ●● ●●●●●●●●● ● ●

● ● ●●●● ●●●●● ●●●●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●● ●●●●●●●●●●● ●●●●●●●●

● ●● ● ●
● ● ●●●●●●● ●●●●● ●●●●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●

●●
●●

●●●●●●●●●●
●

●●●●●●●●●● ●● ●●●● ●● ●●●●●●●●● ●●●● ●

●●●●●● ●● ●●●●● ●●●● ●

●●●●●●●●●● ●●●●●●

●
● ●

●
●

●
●

●●●●●●●●

●●
● ●

●
●●●●● ●

●●

●

●
●

●●●
● ●●
●
●●

●

●
●
●
●●
●

●

●●

●

●● ●●●●●
●●

●●●

●●

●●
●●●●●
●●

●

●●
●

●●●
●●
●

●

●● ●
●●

●
●●●
●
●

●● ●

●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●● ●● ●

●

●● ●●●●●●●

●

●●
●
● ●●
●

●●●●● ●
●●● ●●●●

●●●

●●
●●●
●
●●
●

●●●●
●
●
●
●
●●●●●●
●●●
●
●
●●●●●●●●

●●●
●
●●

●●
●●● ●

●
●●●●●●●●
●
●●●●

●●●
●
●

●
●●●●●●●●●●

●
●●●●●●
●●

●
●●●●
●
●●●●

●●●●●●●●●●
●●●●● ●●●●●
●
●
●●●
●●●●●●
●●

●●
●●●●●●●●●●●●●
●

●

●●●
●

●

●

●

●●

●

●
●

●●
●

●●
●●
●
●

●

●
●●

●●●●

●

●●
●●

●
●●●● ●●
●

●

●●●
●●●

●

●

●
●●

●

●

●
●

●●●●
●
●

●
●

●
●●●● ●
●
●

●
●

●●

●●●

●●●
●

●●●
●●
●●
●

●
●●
●
●

●
●

●●
●●●
●

●●
●

●●

●●

●
●●●
●

●●●
●●

●
●●●●●●

●

● ●●●
●
●●●●●●●●●●●●● ●●

●●●●●●
●●● ●
●

●
●●

● ●●
●●
●

●
●●●●●●
●●●●●
●●●●●

●
●

●●
●●●●●
●● ●●●●●●●●●●●●●●●●

●●●●
●
●●
●● ●
●●
●
●●
●●●●●●
●
●●

●

●
●●●●
●●●●●

●
●●●●

●
●
●●●●●
●●●●●●●
●●●●
●
●
●●●●

●●
●●●
●●●●
●●●●●

●●●●●●●●●●●●
●

●
●● ●●
●●
●●
●
●
●
●●●
●
● ●●●
●
●

●
●

●
●●●

●
●●
●

●

●
●

●●●●
●
●●
●
●●●●●
●
●●●
●●
●●●
●●
●●
●●●
●

● ●●●●●●●●●
●●●●●
●●●●
●●●●●
●
●●●●●●●●●●
●
●
●
●●
●●●

●●●●●●●●●●●
●

● ●●●●●
●● ●●●●●●●
●●●●●

●●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●

●●
●
●
●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●

●●●●●
● ●●●●● ●● ●
●●●●● ●●●●●●●●●●●●●●●●

●●●
●

●●●
●
●●●●●●
●
●●●

●●
●
●
●

●●●●

●
●●●●●●●
●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●●●

●
●
●
●
●●●●
●

●●●
●
●
●
●
●●

●● ●
●●●●

●●
●
●
●●
●●●
●●●●
●

●
●
●●●●●
●
●●●●
●
●●●●●
●●●●
●●●●●●●
●●●●

●

●
●●
●

●●●●●
●
●
●
●●●●●●●●

●●●●●●●●
●
●
●
●
●
●●
●

●●●
●
●●
●●
●● ●●●

●
●●●●
●●
●

●●●●●
●
●●●●●

●●●●
●

●
●●●●
●
●●●● ●
●
●
●●●●●●●●●

●●
●

●●●
●●●
●
●
●●●●●

●●
●
● ●●

●●● ●●
●
●
●●●●

●
●

●●●
●●●●
● ●

●
●
●●●●●●●●●●
●

●●
●●

●
●

●●
●

●
●●● ●●●● ●

●● ●●
●

●● ●●
●

●●
● ●●

●●●●●●● ●● ●
●●● ●●●
●●●●● ●●
●●●●●●●

●
●●●●●●● ●
●●●

●●● ●●●●●
●●●●

●●
● ●●●●

●

●
●
●

●
●
●● ●
●●●●●●

●●

●

●
●
●●●

●

●
●●●●
●●●●●●●

●●●●●●
●●●●●●●●●

●
●
●●●
●●

●
●
●●
●●●●●●

●●●
●

●●
●

●●●●
●●
●

●
●

●
●
●
●
●●●
●
●

●●● ●
●

●
●
●●●

●●
●
●●●●
●
●

●
●●

●●●●●●
●
●●●●●●●
●
●●●●●● ●●●

●
●●
●●
●
●
●●●

●●●● ●●●●●●●●●●●●●●●●●
●● ●●● ●●●●●●●●●●
●●●●●●●●

●●
●●●●●●●●

●●●● ●●
●●●●

●● ●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●

●●

●●●●●
●
●●●●●●●●●●●
●
●●●●●●
●●●●●●●●●●●

●●●
●
●

●●
●

●●●
●●●
●●●●●●●

●●●●●●●
●●●● ●●●●

●●●●
●●●●
●●●●●●●●●

●
●

●●●●
●●
●●●● ●●●●●●●
●●●●●
●●
●

●●●
●
●
●●●●●●●●
●●●●●●● ●●
●●● ●●●●
●●●● ●●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●
●●●
●
●

●●
●
●●

●
●●●●●●●●

●●●● ●●●●●●● ●●●●●●
●

●●
●
●

●
●●●●●●●●● ●●● ●●●●●

●●●●● ●●●●●●●● ●● ●● ●●●

●
● ●●●
●●●●
●
●
●

●
●●●●●

●

●

●

●

●●●
●
●
●
●●

●●
●●

●

●●
●

●
●● ●●●
● ●●●●●●
●●
●

● ●●
●●
●●●●●● ●●

●

●
●●

●●
●●
●

●
●●●

●●●
●●
●●

●

●
●

●●●

●●
●

●
●
●

●●
●●
●●

●●
●

●
●

●

●
●

●●●●

●
●

●●
●●

●
●●

●

●

●
●

●

●
●●
●
●●●●
●●●●
●
●●●●●●
●●

●●●● ●
●●●●
●●●●●●●
●●
●
●●●●
●
●●●●●●●●
● ●●●●●●●●

●●●●●●●●●●●●●●● ●●
●●●●●●●
●●●●●●

●●●
●●●●●
●●●●●●●●

●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●● ●●●●

●●●●●●●●●●● ●●●
●●●●●●●●●●

●●●
●
●●●
●
●●●

●●●●●●●●
●●●●●●●

●
●●●
●●●●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●●●●
●
●●
●
●●

●●●
●●●●

●
●
●
●●● ●

● ●●●●
●

●●●●●●
●
●●
●●●
● ●●●
●●
●●●●
●● ●●●

● ●●●●

●●

●

● ●●● ●

●
●
●●

●
●

●●●●
●

●
●●

●●●
●●

●●

●

●●

●
●●
●●
●●

● ●●
●
●●●●

●●● ●

●
●●●
●

●●
●●●●
●
●

●●●
●●●
●●
●●● ●

●
●
●●●●
●

●●
●●●
●

●●
●
●●

●
●●

●●
●

●
●

●●
●

●
●●●

●
●●
●●

●
● ●
●●

●●
●●●●

●
●

●●
●
●●●

●●●
●

●
●

●

●●
●●
●
●●

●
●●●
●

●
●

●●●
●●●

● ●●●

●

●

●●●
●●

● ●●●●
●
●
●

●●
●●●

●

●

●●●●●

●●●●●●
●●●

●●
●
●
●
●●
●
●●

●
●

●
●●●●● ●
●

●●●●●●●●

●

●●● ●
●●

● ●
●●

●

●●●
● ●●●
● ●● ●●●

●
●

●
● ●●●

●
●●●●
●

●
●●●●

●

●
●

●
●

●
●●●●● ●
●● ●

●

●●

●

●
●
●

●

●

●● ●

●
●●
●●●●
●

●
●● ●●●

●●
●●●●●

●

●●●

●● ● ●●

60S

30S

0

30N

60N

90N

180W 90W 0 90E 180E

−0.4 0.0 0.4

∆Kurt

Tmax Gridded − GHCND, Kurtosis JJA

a 

e 

c 

f 

d 

b 

Less	  variance,	  globally	  

r	  =	  -‐	  0.502	  

r	  =	  -‐	  0.559	  

More	  Gaussian,	  
Less	  extreme	  



Point	  data	  vs.	  area	  averages	  

<	  -‐10°	  
4.7%	  
7.1%	  

>10°	  
0.9%	  
3.3%	  

<	  -‐8°	  
1.7%	  
6.5%	  

>8°	  
3.5%	  
8.7%	  
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e-‐folding	  correla$on	  distance	  trends?	  

Trends	  at	  point-‐scale	  
(Cavanaugh	  &	  Shen	  2014,	  J.	  Clim.)	  

Trends	  at	  grid-‐scale	  
(Submiled	  to	  J.	  Clim.)	  



Pumng	  the	  Pieces	  Together	  	  
2010	  Russian	  Heatwave	  in	  PDFs	  
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<	  -‐7.3°C	  
2.30%	  
0.83%	  

>	  7.3°C	  
2.05%	  
0.76%	  
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1961-‐1990	  JJA	  Climatology	   1951-‐2010	  Decadal	  JJA	  

+	  Mean	  Trend,	  +	  Skewness	  Trend	  

Summary	  

• 	  Sta2on	  variability	  is	  iden2cally	  distributed	  over	  large	  areas	  	  
• 	  Gridded	  data	  is	  more	  normally	  distributed,	  less	  extreme	  than	  reality	  
• 	  The	  probabili2es	  of	  daily	  weather	  are	  changing	  in	  distribu2on!	  
• 	  Trends	  in	  distribu2on	  can	  differ	  across	  spa2al	  (and	  temporal)	  scales!	  
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